Three cases of carcinoid tumor in horses are described. The tumors originated from the maxillary sinuses and the retrobulbar region and caused exophthalmos. Histologically, they had a characteristic endocrine pattern and were argyrophilic with the Grimelius stain. All tumors contained reactivity for neuron-specific enolase and synaptophysin. Two of three tumors were reactive for both bovine and porcine chromogranin A.
develop in the wall ofthe gastrointestinal tract; a further 10% occur in the lung.4
In domestic animals, carcinoid tumors occur only r a~e l y .~ Most cases have been reported in d~g s ,~J~ but single cases have been reported in the cat1 and the COW.' In the horse, only one case of carcinoid has been reported.* These single cases all originated in the gastrointestinal tract, as did most carcinoids in dogs. In dogs, carcinoid tumors often metastasize to the liver.'O Carcinoids often have argentaffin or argyrophilic properties because of the production of 5-hydroxytryptamine, 5-hydroxytryptophan, and chromogranin A. Carcinoid tumors produce a variety of peptidedamines such as serotonin, insulin, gastrin, substance P, bombesin, and calcitonin. In human beings, metastases of carcinoid tumors often liberate enough serotonin and substance P to provoke the carcinoid syndrome. This syndrome is characterized by flushing, diarrhea, bronchospasm, valvular lesions of the heart, and edema. The primary tumor is often too small to exert any significant endocrine e f f e~t .~
The carcinoid syndrome has not been reported in animal^.^
In this report, we describe three cases of carcinoid tumor in horses, all originating from the maxillary sinuses and the retrobulbar region and all causing exophthalmos.
From June 1986 to April 1992, carcinoid tumors were diagnosed in the skulls of three horses. All three horses were Dutch riding-horses, and they were 16, 26, and 16 years of age. Horse No. 1 presented with conjunctivitis and exophthalmos of the left eye. Radiology indicated a well-circumscribed mass in the left caudal maxillary sinus. At necropsy, a soft, dark-colored mass was situated in the left maxillary sinus. There was partial destruction of the orbital wall. Horse No. 2 presented with exophthalmos of the left eye. With echography, a retrobulbar mass was seen. After enucleation of the eye, the horse was sent home. In the retrobulbar tissue, a carcinoid was diagnosed. After 18 months, the horse was euthanatized because of continuing intermittent epistaxis. At necropsy, a tumor mass was found in the caudal part of the left nasal cavity in the region of the ethmoid bone, causing compression and hemorrhage of the turbinates. Horse No. 3 presented with exophthalmos of the left eye. Echography revealed a retrobulbar mass. The Computerized Tomography scan (Fig. 1 ) showed a large mass in the region of the left ethmoid bone, with extension into the orbit, the maxillary sinus, and both sphenopalatine sinuses. The location of the tumor was confirmed at necropsy.
Parts of these tumors were formalin fixed and routinely processed for histologic examination. Six-micrometer sections were cut from paraffin-embedded blocks and stained with hematoxylin and eosin and with Grimelius stain. A rabbit-PAP technique was used to detect neuron-specific enolase (NSE) and chromogranin A (CgA), and a mouse-PAP technique was used to detect synaptophysin ( S Y ) . Paraffinembedded sections, 6 pm in thickness, were cut and carefully melted at 58-60 C. After deparaffinization and rehydration, slides were incubated in 1-3% H,O, in absolute methanol for 30 minutes. Sequential incubations in 10-2OYo normal serum, primary antiserum, secondary antiserum, and mouseor rabbit-PAP complex (30-60 minutes) followed. Sections were then exposed to the chromagen reaction solution (5 mg diaminobenzidine in 10 ml Tris buffer brought to 0.003% H,O,) for 10 minutes. Sections were counterstained in Mayer's hematoxylin, dehydrated, cleared, and mounted. Sources of reagents, dilutions of primary antisera and incubation times were as follows: mouse-PAP complex-Dako, 1/100, 30 minutes room temperature; rabbit-PAP complex-Dako, 1/200, 30-60 minutes room temperature; diaminobenzidine (Sigma Co.); antibody to NSE-Dako, 1/80,90 minutes room temperature; antibody to SY-Dako, 1/320, overnight at 4 C; antibody to bovine CgA-Jucstar Co., 11200, overnight at 4 C; antibody to porcine CgA-Jucstar Co., 1/50, overnight at 4 C. Both negative serum controls and positive tissue controls were employed. Histologically, all neoplasms consisted of nests and islands of compactly arranged cells in a trabecular growth pattern. Cell clusters were separated by a delicate fibrovascular stroma. Cells were round to polygonal, and cell membranes were generally indistinct. The nuclei were uniform and of moderate size. Nuclei stained deeply, and nucleoli were small. The cytoplasm was abundant, pale, slightly eosinophilic, and finely granular. Mitoses were rare. All neoplasms showed a characteristic "endocrine aspect" (Fig. 2) . In the central parts of the neoplasms, necrosis and hemorrhage were often prominent. All tumors showed argyrophilia in the Grimelius stain; an argentaffin stain was not performed. All tumors contained reactivity for NSE ( Fig. 3) and SY, although in the tumor of horse No. 1 positivity for SY was only regional. Results of bovine and porcine CgA were comparable: in horse No. 1 most cells reacted weakly positive; in horse No. 2 most cells reacted weakly positive, whereas individual cells scattered throughout the tumor reacted strongly positive (Fig. 4) ; horse No. 3 was negative.
In the first reported case of carcinoid tumor in the horse,* the authors described an intestinal carcinoid tumor with a typical endocrine pattern histologically. Many tumor cells contained argentaffin granules, which showed autofluorescence. No additional staining techniques were applied. Samples of the neoplasms in this report were taken at necropsy. Because autolysis causes a rapid reduction of argentaffin properties whereas the argyrophil reaction is more persistent,4 we used the Grimelius staining technique. The combination of the histologically typical endocrine pattern and the argyrophilic properties of the neoplasms was considered enough evidence for the diagnosis of carcinoid. The immunohistochemical results in this study confirm the NE nature of these tumors. SY, NSE, and CgA are proteins isolated from NE secretary granules and thus are considered as useful markers for carcinoid tumors.
SY is a membrane glycoprotein, originally isolated from presynaptic vesicles from bovine neurons, that does not show species ~ariati0n.l~ Antibodies to SY react with most human carcinoids, and SY is considered a very specific marker for car~inoids.~ The carcinoids described in this report all reacted positively for SY. Therefore, SY appears to be a suitable marker for equine carcinoids.
NSE is an acid-soluble protein isolated from brain tissue No other cases of carcinoid tumors in the sinuses of domestic animals have been reported. It is not known which NE cells give rise to these tumors. The paranasal sinuses are considered part of the respiratory tract and are lined with respiratory epithelium. NE cells secreting bombesin and calcitonin have been demonstrated in the bronchioles of adult horses, and similar cells have been found in the airway epithelium of human beings.12 Extraintestinal carcinoid tumors in human beings often develop in the wall of one of the major bronchi and probably arise from the relatively large number of NE cells closely associated with the respiratory epithelium. However, we could not detect NE cells in the nasal mucosa and the epithelium of the maxillary sinus of a normal horse. Therefore, the origin of the carcinoid tumors in our horses remains obscure. and is found in the cytoplasm of all NE cells and most neural cells. Subsets of lymphocytes, smooth muscle cells in vessel walls, and cells in prostate and uterus also react positively for NSE.S NSE may be a better marker for poorly differentiated NE tumors than for well-differentiated NE tumors.16 The carcinoids described in this report all reacted positively for NSE. Therefore, NSE also appears to be a suitable marker for equine carcinoids.
CgA is the most important protein isolated from the granules in the NE cells of the adrenal gland. CgA is acid soluble, is found in most peptide-producing NE cells, and is considered to bind amine products and to act as a hormone prec u r~o r .~ For characterization of human NE tumors, CgA is considered a very specific but rather insensitive marker. Structural and immunologic differences among bovine, canine, and rat CgA have been reported.6 Two of three carcinoids described in this report reacted positively for CgA. Therefore, CgA may also be a suitable marker for equine carcinoids. Lack of reactivity may be caused by insensitivity of the technique, improper fixation or species variation. In the situations of species variation, a polyclonal or monoclonal antiserum to equine CgA could provide better results.
The biologic behavior of carcinoid tumors is variable. In human intestinal carcinoids, there is a correlation between location of the tumor and tendency for malignancy. Carcinoids of appendix and rectum are usually benign, whereas those of the ileum are more often malignant and are the commonest cause of the carcinoid syndrome.4 The behavior of carcinoid tumors in different species is very unpredictable. For example, carcinoid tumors or Merkel cell tumors of the skin and oral cavity in human beings are often malignant, whereas in dogs these tumors are considered benign.14 The carcinoid tumors described in this report did not metastasize, 363-369, 1989 58:95-121, 1989 Request reprints from Dr. C. van Maanen, Department of Pathology, Veterinary Faculty, Utrecht University, Yalelaan 1, 3508 TD Utrecht (The Netherlands). Vet Pathol 33:95-99 (1996) 
Fetal Microscopic Lesions in Porcine Reproductive and Respiratory Syndrome
Virus Porcine reproductive and respiratory syndrome virus (PRRSV), a member of the proposed family Arteriviridae, causes abortion, premature farrowing, neonatal pneumonia, a marked increase in weaned/grower pig mortality due to secondary bacterial infections, and subclinical i n f e~t i o n .~. '~,~~ The purpose of this report is to describe microscopic lesions in fetuses from four herds experiencing reproductive failure characterized by mummified fetuses, stillborn pigs, and weak live-born pigs.
Fetal tissues and thoracic fluid from herd No. 1 and fetuses from herd Nos. 2, 3, and 4 were submitted to the Minnesota Veterinary Diagnostic Laboratory. Abortion induced by PRRSV infection was the tentative diagnosis of each submitting veterinarian. The clinical history from each case was brief. Purchased replacement gilts in herd No. 1 developed a transient cough and anorexia shortly after arrival on the farm. When replacement gilts started farrowing, a high percentage of stillborn and mummified fetuses and weak liveborn pigs was observed. There were no abortions in native sows and gilts. The clinical histories in herd Nos. 2, 3, and 4 were described as abortions and delivery of many stillborn and weak live-born pigs.
The diagnostic tests used to determine if PRRSV was the cause of these abortions were virus isolation, immunohistochemistry, serology, detection of IgG in fetal thoracic fluid, and light micro~copy.',~,~J~ Lung, heart, spleen, kidney, brain, and thoracic fluid were pooled, homogenized, and cultured in porcine alveolar macrophages. Immunohistochemistry was used to identify PRRSV in tissues when virus isolation was negative. Fetal lung, heart, brain, liver, and kidney were fixed in 10% neutral buffered formalin, routinely processed, paraffin embedded, and stained using Harris's hematoxylin and eosin (HE).
The immunogold-silver staining procedure was a modification of a previously published method.8 Paraffin-embedded lung was sectioned at 4 Fm, mounted on 2% silane-coated slides (Pierce, Rockford, IL), and dried for 2 hours at 56 C. Sections were deparaffinized in xylene for 10 minutes followed by rehydration in graded ethanols and rehydration for 20 minutes in running distilled water. High-temperature heat denaturation was used for antigen retrieval.12 All procedures were performed at room temperature, and all reagents were made with ultrapure water. After antigen retrieval, sections were blocked for 10 minutes with 0.1% bovine serum albumin (BSA) and 5% fetal bovine serum (FBS), washed twice (5 minutes each) in Tris-buffered saline (TBS, pH 7.4), blocked for 20 minutes with 10% normal goat serum in TBS, and incubated with a PRRSV monoclonal antibody (diluted 1 : 400 in a solution of 0.5 M NaCl, 0.1% BSA, 5% FBS, and 0.05% Tween 20) for 1 hour." Sections were washed three times in TBS (5 minutes each), blocked with 10% normal goat serum for 10 minutes, and incubated with a 1 : 20 dilution of a gold-labeled ( 5 nm) goat anti-mouse IgG (Sigma Chemical Co., St. Louis, MO) for 1 hour. Sections were washed three times ( 5 minutes each) in TBS and three times in ultrapure water ( 5 minutes each), treated with a silver ampli-
